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TWO AGES OF THE TRIPLETS 


Frontispiece 


In all three views (Figure 1) the triplets stand in the same order. The upper view 
shows them at nine years and three months, and the lower at 11% years of age. The members 
of their family can generally tell them apart, but to a stranger they are hopelessly alike. 
They rank 19th, 2lst, and 23rd in their class of 64 girls. 
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SET DICHORIONIC IDENTICAL 
TRIPLETS 


TAKU KOMAI AND Goro FUKUOKO 
Kyoto Imperial University, Japan 


THE TRIPLETS AT ONE YEAR OF AGE 
Figure 1 
T, K, and H, were born August 24, 1919. Their separate birth membranes would at 


one time have been taken as certain evidence of their being not identical, but several cases 
of twins have recently been reported in which this conclusion does not seem to hold. 


N a recent number of this JOURNAL 

was published in an article concern- 

ing two sets of presumably mono- 
zygotic boy triplets who show a 
close similarity to one another 
(Clarke and Revell, 1930). In_ the 
Psychological Clinic of last year ap- 
peared a psychological study of a set of 
girl triplets, who are, contrary to the 
former sets, pronouncedly dissimilar, 
both physically and mentally.*7, Here we 
propose to report on a set of triplets 
who are undoubtedly dichorionic, and 
who still show a marked correspon- 
dence, both physically and mentally. 
The subjects of this study are a set of 
girl triplets who are living in a suburb 
of Kobe and attending the same _pri- 
mary school. Their father is in the 
service of a dockyard company in that 
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port: both he and his wife are appar- 
ently quite ordinary persons without 
any special features, either physical or 
mental, and, so far as they know, there 
is no inherited trait of multiple births in 
either of their ancestral lines. 


Birth and Nurture of the Triplets 


The triplets, 7, AK, and H, are the 
second of the seven children born to 
this couple; the first child died very 
young, and, after the triplets, were 
born three more girls, R, M and A, 
who are all living (Figure 3). The 
birth of the triplets occurred on August 
24th, 1919, when the father was 31 and 
the mother 27 years old. The doctor who 
attended the labor is dead now, but the 
midwife, a woman about 50 years old 
now, 1s still pursuing her profession in 
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PLACENTA OF THE TRIPLETS “ 
Figure 2 pr 
I, If, I1l1—Roots of umbilical cords; S-Septum., much trimmed so as to show the roots | ge 
of the umbilical cords in the photograph (2/5 natural size). The septum leaves no doubt that | dc 

the triplets are dichorionic, so that the strong evidence that they are identical casts much | , 

doubt on diagnosis of “identity” or “fraternality” of twins or triplets by examination of the |. 

birth membranes. oe 

ita 
the city. When interviewed, she remem- much widened by the previous deliv- |" 
bered the special case very well, and  eries. The midwife did not lose time *~* 

the following statement is based on her in tearing the caul away; meanwhile, | C 

verbal and written descriptions of the however, the baby was choked to the | ™ 

labor. The pregnancy had been taken state of syncope, but recovered by vir- | ve 
for a twin pregnancy by both the doc- tue of subsequent treatments. The hs 
tor and midwife. After pains which babies were all in the cephalic presen-  ™ 
lasted nearly three hours, two babies tation and the whole labor was com- al 
were delivered successively at about paratively easy. E 
noon with an interval of about five To avoid any future confusion, the — 
minutes. So far the labor was quite midwife carefully marked the babies = 
normal; the babies had a common directly after their births, by cutting a |™ 
chorion which ruptured at the delivery tuft of hair from the second-born child fh 
of the first child. Then quite unex- K and two tufts from the third-born H. |“ 
pectedly the third child came. This had They were all bottle-fed and brought ¥ 


a caul and came almost automatically 
through the passage which had _ been 


up in precisely identical surroundings. 
Before school age, they had not been 
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yery robust, and suffered from _ ton- 
silitis, etc., which often came to all at 
the same time. They entered the pri- 
mary school at the age of 6 years and 
7 months, and since then they have 
been in the same class. Thus their 
nurture may be considered to have been 
perfectly uniform. 

h Since they entered school they have 
enjoyed very good health; this is cer- 
tied by the attendance roll of the 
school which shows that they were ab- 
sent from school very seldom, only a 
day or two in each year. Moreover, 
all the records in school verify that 
they have been somewhat superior to 
the average Japanese girls of the cor- 
responding age, both physically and 
_mentally, At present they stand in 
stature 12th (7), 16th (K) and 17th 
(771) respectively, while in school work 
they rank 19th (7), 21st (H) and 
respectively, in their class of 
64 girls. 


Fetal Membranes 


_ Very fortunately, the after-birth had 
been preserved by the doctor who at- 
tended the labor, and was found in the 
same maternity hospital, the present 
proprietor of which had received it, to- 
gether with other belongings, from that 
| doctor. xcept that the placenta 1S 
somewhat distorted owing to the small 
size of the jar, the after-birth is in a 
rather satisfactory condition and there 
is no difficulty in making all the neces- 
sary examinations of it. The placenta 
(Figure 2) is broadly oblong in shape, 
measuring 20 cm. by 18 cm. in diame- 
»ter. The entire surface is divided into 
} two slightly unequal areas by a mem- 
_braneous septum which traverses it 
along nearly the median longitudinal 
axis (S). Three umbilical cords (I- 
Ill), each about 1 cm. in diameter, are 
-attached to the placenta, one in the 
smaller, and two in the larger area. The 
one found in the smaller area (III) is 
‘located at one end of the longitudinal 
axis near the septum, the second one 
(IT) on the other side of the septum, 
i likewise close to it, at a distance some 
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6 cm. from the root of the other cord, 
while the third one (I in the figure) is 
attached to the other end of the pla- 
cental margin about 7 cm. from the 
root of the second cord. 

Very clearly the septum is made up 
of two layers of chorions and a layer 
or amnion on the other side. ‘The 
smaller area of the placental surface 
with one umbilical cord is encircled 
completely by the remnant of the cap- 
sular wall of which the septum forms 
a part, and lined with the amnion which 
remains almost intact throughout the 
entire area. The larger area which is 
provided with two cords, on the other 
hand, retains only a small part of the 
capsular wall around it, and the am- 
niotic lining is nearly gone, although a 
trace of it may be recognized in the 
part close to the septum. No septum is 
found between the roots of the two 
cords occurring in the larger area, al- 
though perhaps there was originally 
one, consisting only of amnions, which 
is now missing. Such a feature of the 
after-birth justifies no other diagnosis 
than that the triplets were dichorionic. 
In fact we have shown the after-birth 
to several competent obstetricians, none 
of whom hesitated in giving this diag- 
nosis. It must be recalled also that 
this diagnosis accords well with the 
midwife’s descriptions of the labor 
stated above. Thus there is no room to 
doubt that the triplets under considera- 
tion were dichorionic at birth. 


Physical Features 


Notwithstanding the fact that the 
triplets were dichorionic at birth, they 
show, physically as well as mentally, 
such a close similarity to one another 
as to be interpreted almost unequi- 
vocally as of a monozygotic origin. 
First, in physiognomy they are very 
similar, although their teacher and their 
classmates do not confuse them on ordi- 
nary occasions. But sometimes even 
the father takes one of them for an- 
other. To all who are not very familiar 
with them, it is almost hopeless to dis- 
tinguish them correctly. This is just 
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what we experience each time we see 
them. Even those who can distinguish 
them without much difficulty rarely 
agree in the opinion of the degree of 
resemblance and difference among the 
three; while some people deem the 
similarity between T and H to be the 
closest, others maintain that the re- 
semblance between AK and AH is the 
greatest, and still others find the dis- 
crimination of J and K most difficult. 


In the color of the iris, hair and 
skin, they show no difference. The iris 
is uniformly brown, and is in rather 
sharp contrast with the other sibs’, which 
is much darker. The eyes, nose, ears 
and nails also correspond very closely 
in shape. The triplets’ ears are dif- 
ferentiated rather pronouncedly from 
the other sibs’ in that the lobe is fairly 
large and prominent, whereas it nearly 
lacks the downward projection in the 
ears of all of the other sibs. Slight 
difference, however, may be noted _ be- 
tween K’s ears and those of the other 
two, the helix being somewhat‘ broader 
in the former than in the latter. The 
nose is also slightly different, so as to 
give relatively the safest clue to tell 
the triplets apart: the tip of K’s nose 
is more tilted up, and H’s is somewhat 
broader than the others. The finger- 
nails are very similar, although K has 
slightly shorter nails than the others. 
The other sibs’ nails are much shorter, 
which seems, however, to be at least 
partly due to the difference in age. 
The voices of the triplets are also very 
much alike, although the mother and 
sisters can distinguish their voices 
without seeing them; the class-teacher 
can tell the voice of JT, who talks 
louder, from those of the other two, 
which he can hardly distinguish from 
each other. The handwritings are also 
very similar. 


The head-whorl of the triplets is 
clockwise and located behind the top of 
the head slightly on the right side in all 
of them. Of the three other sibs, R 
has a head-whorl nearly identical with 
the triplets’, while J and A have a 
clockwise whorl which is elongated in 
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the oblique direction. The saliva of all 
the members of the family was kindly 


examined for us by Dr. A. Ogi and he 


found that they belong to the same¥ 


group (0). They are all right-handed 
and kick with the right leg. 


and shoes the same. 


The® 
clothes of the triplets have always been] 
interchangeable, and the size of gloves} 


Table I, which] 


has been copied from the school phys-¥ 


ical-examination records, shows 


their stature, weight and girth of chest® 
have always been similar throughout 
their school age. It is to be noted that¥ 
these values stand in a rather sharp 7 


contrast with those of their younger 


sister, FR, in the corresponding ages§ 


given in the last column. 


The other] 


measurements taken by ourselves are¥ 


given in Table II. 


In every measurement we find a re- 


markable correspondence among 
triplets and that there is no sign of 
differentiation of one 
the rest. 


Friction-ridges 


The finger-, palm- and sole-prints of 7 


member 


the triplets and their sibs, and the fin- 7 
ger-and palm-prints of the parents have 7 
been obtained and carefully compared. 7 
In formulating the finger patterns the J 


method proposed by Bonnevie’ was 


preferred to that commonly used in J 


For 


identifying criminals. 


palm-pat- 7 


terns, Wilder’s formulating scheme?! | 
was largely followed. The same scheme 4 
was adopted for sole-patterns, too, in-4 
stead of Wilder’s scheme especially de- 7 
vised for those patterns, because the } 


former is 


differences 


among the 


more suitable to show the ~ 
sole-patterns 


than the latter, where the convenience | 
for classification and cataloging is con- | 
sidered primarily. Table III shows that 7 
the finger-patterns of the triplets match 7 


and 


very are 


closely 


according to  Bonnevie’s 


scheme. 7 
Whereas the other members of the fam- 


differentiated 
sharply from those of the parents and J 
other sibs.’ This fact can be recog- % 
nized especially clearly in the quantita- 7 
tive values of the patterns calculated ¥ 
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Komai and Fukuoko: 


Identical Triplets 


THE TRIPLETS . AND THEIR SISTERS 
Figure 3 


From left to right A, WM, H, K, 7, and R. 


On account of the difference in ages a de- 


tailed comparison with the siblings is hardly possible, but a study of the hand and _ sole 
prints shows that the triples are sharply differentiated from all other members of the family 


(see Figures 4 and 5 and Table III). 


ily have their characteristic values very 
different from one another, the triplets 
have very similar values which can be 
found only in identical sets of twins or 
triplets as was shown by Bonnevie! 
and Newman!!!, The palm-patterns 
also exhibit much the same state. This 
is especially true of the patterns of the 
right hands of which the triplets have 
an identical formula. Crucial compara- 
tive examinations of the courses of 
main ridges in Figure 4+ will reveal the 
similarity of hands of the same side 
more clearly than any description could 
express. All other sibs have patterns 
differing greatly from the triplets’ and 
also from one another. The sole-pat- 
terns, lastly, reveal an exactly similar 
situation. As shown in Table IV and in 
Figure 5, the patterns on the same side 


match so closely that the similarity 
between the feet of the same side of 
different individuals is greater than 
that between the two feet of the same 
individual. This kind of similarity 
found in friction ridges is character- 
istic of identical pairs of twins, as 
Newman!?!* and Komai?!° have coin- 
cidentally shown some time ago. In 
short, all the physical features, includ- 
ing physiognomy, bodily measurements, 
finger-, palm- and_ sole-patterns, col- 
laborate to establish the monozygosity 
of the triplets under discussion. 


Mental Features 


Both the parents and _ class-teacher 
agree in the opinion that, in mental 
characteristics also, the triplets resem- 
ble each other very closely. They are 
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PALM-PATTERNS OF THE TRIPLETS 


Figure 4 


(From top to bottom, 7, K and H.) Note the close correspondence of patterns of the 
hands of the same side. This is the type of resemblance found in the most similar identical 


twins, that separated so early in development that the embryonic cell-mass had not yet become 
differentiated. 
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Figure 5 


, the close correspond- 


-prints 


(From top to bottom, 7, K and H.) Note, as in the palm 


ence of patterns of the feet of the same side. 
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Speed of Decision 
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Speed of Movement 


Ability to Speed 


Ratio 


Expansiveness 


Dri ve” 


Self-Confidence 


Sticking to Decisions 


Ability te Hold Back 


Eye—Hand Coordination 


Interest in Detail 


Persistence 


WILL-TEMPERAMENT “PROFILES” 
Figure 6 


While the triplets differ somewhat in some of the characteristics, the “profiles” obtained 
are of a very similar type—classified as of a positive temperament, non-motile and_ fairly 


ageressive. 


all of sanguine temperament, clever, 
expressive and sociable, and have a 
pretty good stock of common sense for 
their age, but are rather careless and 
fickle. They have also much the same 
likes and dislikes. In school standing 
they are very nearly the same, belong- 
ing to B-++ rank, as shown in Table V. 
As may be clear from this table, they 
are fairly good in memorizing subjects 
and comparatively poor in manual work 
and physical exercise. Thus, generally 
speaking, they are quick thinkers and 
slow workers. Their younger sister F 
is very different in school standing, 
ranking relatively much higher in her 
class than the triplets. 


The parents and class-teacher further 
agree that 7, who has been assigned 
as the “eldest” of the three, is com- 
paratively the most aggressive and takes 
initiative in many cases, while H, the 
“voungest,’ is the shyest and most 
tender-hearted, although it is very hard 
to tell whether this difference in tem- 
perament has anything to do with such 
an assignment or not. 


Psychological Tests 


Various sorts of psychological tests 
have been made by us: (a) drawing 
the figure of a man; (b) card-sorting; 
(c) form-board test; (d) tapping with 
finger; (e) Matsumoto’s chopstick test, 
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and also (d) Kubo’s group-intelligence 
rests A and B; (e) Kirihara’s general- 
intelligence tests and (f) Uhrbrock & 
owney—Kirihara’s will-and tempera- 
ment tests. The results are given shown 
in Tables VI-XIII. 

Generally speaking, the scores of the 
intelligence tests are very similar. Some 
rather marked difference, however, may 
be noticed in the scores of the general- 
intelligence tests (Table XIII). But 
there is room for suspecting that this 
difference is, at least to some extent, 
due to mere chance. The profiles ob- 
tained in the will-temprament tests 
(Table XIV) are also of a similar type, 
showing that the triplets are of rather 
positive temperament, belonging to the 
non-mobile and fairly aggressive type. 
Scores of tapping and chopstick tests 
(Tables VIII and IX) show that they 
are all right-handed and awkward in 


manual work, which is especially true 
of T. 


Remarks 


As mentioned above, notwithstanding 
the fact that the triplets are undisput- 
ably dichorionic in origin, there are 
very strong evidences for their mon- 
ozygosity in their physical and mental 
features. Their physiogomy, iris-, skin- 
and hair-color, bodily measurements, 
and finger-patterns are very similar, 
while in the palm- and sole-patterns the 
correspondence of the same hands or 
feet of different individuals is closer 
than that between the two hands or 
feet of the same individual. For vari- 
ous sorts of psychological tests, the 
triplets scored very close to one an- 
other. All school and physical exami- 
nation records also signify that they 
have been very similar, both phy sically 
and mentally. The other sibs stand in 
‘ather sharp contrast with the triplets 
in physiognomy, head-index, color of 
iris, ear-form, finger-, palm-, and sole- 
patterns, and R’s school records and 
physical-examination records are quite 
different from the triplets. Moreover, 
there is no feature to differentiate one 
of the triplets—-presumably H, who was 
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born with a separate chorion—from the 
rest, contrary to what could be expected 
from the state of the after-birth. 

In view of this apparent discord be- 
tween the findings of the state of the 
after-birth and bodily and mental fea- 
tures, one should wonder whether the 
diagnosis of zygosity based on the after- 
birth is wrong, or that that based on 
physical and psychological features is 
misleading. In my opinion, the evi- 
dences derived from the latter features 
taken together, are far too strong to 
be ascribed to mere coincidence (see 
Muller'*, Siemens! 18) so that the 
question naturally arises as to whether 
the diagnosis of zygosity according to 
the state of the chorion is absolutely re- 
liable or not. 

According to certain recent authors, 
such as Siemens 17 18 Verschuer?? 
Curtiust, and Newman!®, there are 
cases where this sort of diagnosing 
method apparently fails, as some twins 
who were born with separate chorions 
may show a very close correspondence 
in many physical features. These 
cases, however, have usually been con- 
sidered on a priori grounds to be doubt- 
ful and have been attributed to a wrong 
determination of the state of the foetal 
membranes, or to an improper judg- 
ment of the degree of resemblance. The 
present set of triplets seem to give 
further strong support to the possibility 
of the occurrence of such exceptional 
cases. 
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TABLE I. 


SCHOOL PHYSICAL-EXAMINATION RECORDS OF 
THE TRIPLETS AND ONE OF THE SISTERS. TABLE V. SCHOOL MARKS. 
School year(age) I(6y.9m.) II(7y-8m.) III(Sy.9m.) IV(9y.8m.) V(LOy.8m.) School year I II IIr Iv Vv 


“Stature 107.0 113.0 118.0 122.0 128.0 FS as 
(cm.) 107.5 112.0 117.0 120.5 126.0 subjects (91 on 
H 107.0 113.0 117.0 121.0 126.0 
R 112.0 117.5 121.8 
Arithmetic K 682 864 85 67 68 
(kgm.) K 17.0 19.0 20.5 23.0 24.0 physical K 80 76 66 67 72 
17.0 19.5 21.2 24.0 25.5 subject s# H 86 79 68 70 73 
4 17.0 18.3 
(6y-llm.) (7y~-10m.) * Including language, history, geography, 
ecience and ethics 
Girth of f 54.0 58.0 58.5 60.0 62.0 “Including penmanship, drawing, sewing, 
chest Kk 55.0 56.0 58.5 59.0 63.0 handicraft and gymnastics. 
(em-) 4H 55.2 57.0 60.0 61.0 63.0 
R 51.0 54.0 
(6y-llm-) (7y-10m.) TABLE VI. SCORES OF FOAM-BOAAD TEST. 
— 
T K 
TABLE II. PHYSICAL LZASUREMENTS OF THE TRIPLETS AND SIBS (CM.) 2s 20 27 
T K q R M A r 
VII. SCORES OF C/AD-SORTING 
Stature 132.5 132.0 132.2 ATING 
Sitting height Wek Tle? 
Arm stretch 132.6 130.4 130.5 T K H 
Height of middle 
finger from floor 49.0 49.5 49.5 80-2 889.2 27.1 
Head length 16.7 16.7 16.7 16.1 17.0 17.1 = 
Head breadth 14.8 14.9 14.8 15.1 14.8 14.2 
Head index 88.6 89.2 88.6 93.8 87.1 83.0 TABLE VIIT OF PING T 
Face songth OF 6 TRIALS, EACH 30 SZCONDS). 
Bizygomatic breadth 11.0 10.9 10.9 
Girth of chest 64.0 62.0 63.5 T K H 
Neck circumference 27.0 26.5 27.0 Right hand 103-1 142.3 1318 
Wrist circumference 12.6 12.6 12.6 Left hand 90.8 118.7 116.3 
Middle finger length 16.0 16.0 16.0 
Foot length 19.0 19.0 19.0 
Ear lengths 4.05 4.0 4.0 = 
d 2.4 
TABLE IX. SCORES OF CHOPSTICK (TOTAL 
FICKED UP IN 7 TRIALS ESCH IN 
ti TABLE III. FINGEA-PATTERY FORMULAE OF THD FAMILY 30_ SECONDS). — 
T H 
I Ir III Iv Quant tative Right hand 106 122 123 
seeue Left hand 17 40 46 
L 0-14 0-6 0-9 0-9 0-6 28. 
Father 0-14 4-0 
L 13-13 2-10 1-11 10-14 10-9 
mee 6-6 9-4 TABLE X. SCCRZE OF INTTLLIGSNCE BY 
L 0-10 3-0 0-10 O-12 0-3 25.5 MEANS OF DRAWING (GOODEN 
R  O-13 0-0 0-8 0-16 0-6 KIUIHA 
K L 6-12 0-0 0-4 0-8 0-7 25.0 
R O-ll 2-2 0-0 l-ll T K H 
H L 0-12 2-0 1-0 O-12 0-9 26.5 Score 39 38 39 
R 10-15 0-0 O-3 1-10 380-5 Mental age 12 11.6 12 
a L 0-3 0-6 0-12 0-14 9-12 39.0 
R 0-8 O-1 O-12 9-14 9-14 
u L 0-17 O-12 O-13 1-14 10-13 50.0 
TASLZ XI. SCORSS CF KUBO"S GIOUP INTTLLIGEYCE 
A L 0-6 0-0 O-1 O-3 One 16.5 TESTS SCALE A, (NATIONAL INTELLIGTICE 
0-12 0-4 0-5 0-2 1-2 TESTS, SCALE A, FORM 1 & 2, 
SO AS TO SUIT JAPANTS2 CHILDION). 
TABLE IV. PALM- AND SOLE-PATTERN FORMULAE OF 
TH? FAMILY. T XK H 
| Palm pattern Sole pattern _ Test l. (Arithmetical reasoning) 10 6 10 
L 7-5-5-3<c 2. (Sentence completion) 26 22 24 
Father 3. (Logical selection) 27 29 21 
1<5-5-3-c 4. (Synonym-antonym) 24 24 31 
— 5. (Symboledigit) 21 20.7 20.1 
. 9-0-5-5-c Total 108 101.7 106.1 
Mother 16 
a 9-0-5-5-c 
TABLE XII. SCORZE UF KUBO'S GROUP INTELLIGENCE 
L 1-9-7 TISTS, SCALE B, (NATIONAL INTSLLIG“NCE 
T q TESTS, SCALE 3, FOU 1 & 2, ATVIEZD 
R 11-9-7-3-c 15-13-11-9-13 SO AS TO SUIT JAPANSSE CHILDREN). 
30 
11-7-7-3-c 12-9-7-6-1 
12 T K H 
R Test 1. (Computation) 28 28 28 
2. (Information) 24 20 23 
L 11-0-7-3-c 12-9-7-6-13 3. (Vocabulary) 13 17 14 
H Se q 4. (Analogies) 25 16 22 
Rg 11-9-7-3-c 15-4-4-11-13 5. (Comparison) 17 21 23 
dd 
: Total 107 102 110 
L 10-9-6-2-c 10-9-7-2-13 — 
a 14 
TABLE KILI. OF KIAIHARA'S | 
GENZAAL INTELLIG=NCE TESTS (B). 
L 9-7-5-4-c 15-9-9-4-13 
12 dd 
a 9-7-5-3-c 15-9-7-7-13 T K 
sid . Test 1. (Completion) 17 20 13 
L 11-7-9-5-c 2-9-7-7-15 2. (Analogy) 
26 a 3. (Recognition) 15 10 ll 
A 4. (Rybakow figure) 9 5 2 
a 11-9-7-5-c 15-4-13-11-15 
14 a Total 41 35 26 
*d upper plantar delta present 
*#dd upper and lower plantar deltas present. 
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Here and There In the Literature 
Nordics, Alpines and Slavs 


RIFFITH TAYLOR of Chicago 
University discusses in the Jour- 
NAL OF SocioLocy for July the Nordic 
and Alpine races and their kin. Tay- 
lor believes that the Nordics are dying 
out and that his racial pets, the Alpines, 
are well able to replace them. In fact 
he believes that any race except the 
Negro is equal to any other race, and 
as a corollary, that eugenics depends on 
selection of the superior strains within 
the race or from several races, rather 
than in racial selection. 
Rudolph Broda (Antioch College) 
discusses the revival of Nationalities in 
the Soviet Union. Since the revolu- 


groups that make up Russia. 


tion there has been remarkable, almost 
explosive, development of the various 
Twenty- 
seven nationalities are listed in the cen- 
sus of 1926. The present arrangement, 


of a centralized government to control 
the major political and economic prob- 
lems, seems to have overcome the cen- 
trifugal tendencies of these groups, at 
least for the time being. 

Two other articles, on “Social Factors 
and Sex-ratio at Birth” and on “Age at 
Marriage and Social Class” deserve more 
extended discussion, it is hoped in a 
later issue. 


Two Eugenics Journals 


WO eugenics journals have recently 

appeared—one in Japan and one in 
Italy. The Japanese Journal Eugenico 
is the monthly organ of the Japanese 
Eugenics Institute. Being in Japanese, 
we can only detect an occasional scien- 
tific name and a discussion of blood 
groups, sprinkled with dA’s, B’s, O's 
and ARB’s. Genesis, published quarter- 
ly by the Italian Federation of Eu- 


genics is devoted to studies of sex, 
demography and eugenics. The cur- 
rent number contains articles on fecun- 
dity and_= sterility in consanguineous 
inarriages, eugenics in Latin America, 
the chances for marriage in Holland 
since the World War, but much of the 
material is medical in nature rather 
than strictly eugenic. 
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Melanin and Cancer 


ECENT numbers of the American 

-\ Journal of Cancer contain two ar- 

ticles by Myron Gordon on the very in- 
teresting discoveries with regard to the 
relations of the color-patterns of platy 
fish to the development of malignant 
tumors. As explained in a recent num- 
ber of our JOURNAL, there are two 
kinds of pigment cells, producing stip- 
ples (micromelanophores) and_ spots 
(macromelanophores ). In genus hybrids 


The Journal of Heredity 


with another Mexican fish ( Xiphopho- 
ra) the micromelomophores — behave 
normally, but the macromelanophores 
develop abnormally and eventually pro- 
duce typical cancerous growths (mela- 
momas). The study of these hybrids 
offers an interesting field to determine 
why these cells behave differently, and 
why one kind, in a new environment 


leads to malignancy, while the other 
does not. 


Schizophrenia 


N the Medical Times for July is an 

interesting discussion of Schizophre- 
nia (Dementia Praecox) by Dr. J. F. 
W. Meagher. There are thirty or forty 
thousand new cases of this disease 
every year in the United States. Since 
the disease runs a long course it fur- 
nishes a considerable proportion of the 
inmates of asylums for the insane. 
Psychiatrists are not agreed on the 
causes of the affliction, but that heredity 
is an important factor can hardly be 
doubted, especially in view of the fact 
that several cases have been recorded 
of identical twins being almost simul- 
taneously affected.* Certainly the in- 
heritance is not as simple as that of 
Huntington’s Chorea, and the disease 
manifests itself in a variety of forms, 
due, one might imagine, to a variety of 


genes. Some of the patients do not 
‘“dement,’ and some become affected at 
an advanced age, so that the older 
name has given place generally to the 
more complicated and descriptive term 
signifying ‘“‘split personality.” The 
disease is a good example of the in- 
creasingly important concept that the 
development of any character is the 
resultant of heredity and environment. 
A certain hereditary type reacting to 
unfavorable factors in the environment 
produces a given resultant. The fact 
that the prospects for recovery are on 
the average not good is further evidence 
that schizophrenics are not entirely the 
product of their environment. The en- 
docrines have been accused of being 
the cause of the disease, but endocrine 
thereby has proved disappointing. 


Genes of the Morning Glory 


The Japanese morning glory (Phabi- 
tis nil) has been grown in the Orient 
for 2,200 years. It is found now only 
under cultivation. A list of the genes 
known in this species is given in Gen- 
etica 12: 297-307, by Yoshutaha Imai, 


who has done much to increase our 


knowledge of the genetics of this plant. 
The list comprises 111 genes of which 
only fifteen are dominant. The more 
striking effects of some of the genes 
are illustrated with photographs and 
drawings. 


Chromosome Number in Plants 


N Genetica, Voi. 12, Nos. 2-3, Pro- 

fessor L. O. Gaiser gives a 100-page 
supplement to his earlier list of the 
chromosome number in Angiosperms. 
When it is considered that the article 
deals only with material published in 
1929, and some in 1928, the amount of 
work being done on chromosome num- 


ber begins to be realized. An 11-page 
bibliography on which the list is based 
refers to about 220 papers. Sixty 
pages are devoted to dicolyledonous 
plants, and thirty to the monocots. As 
a source of information on chromo- 
some number in plants the list is in- 
valuable. 


*Parker, J. H. Twins with Dementia Praecox. Journal of Heredity 17:137-143. 1926. 
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STUDY THE METHODS BREEDING 
THE BEST SHORTHORNS 


In the United States During the Period 1920-1928 


E. EK. BrocKELBANK and L. M. WINTERS* 
University of Minnesota 


ANY studies have been made 

as to methods of breed and 

herd building. In general they 
have brought out that inbreeding, cross- 
breeding (including outcrossing) and 
selection have all been used. Just how 
effective each has been or what any 
one alone could have accomplished has 
never been proven. 

Genetic studies indicate that we have 
a right to expect great sires and great 
dams as the result of continued in- 
breeding and that outcrossing should 
vive us our best show animals. 

This study was undertaken in an 
attempt to find out, how, during the 
period 1920 to 1928, the best Short- 
horns in the United States have been 
produced. Have they been produced 
by inbreeding, outcrossing, or pheno- 
tvpie selection ? 

MePhee and Wright’ made a rather 
complete genetic analysis of the Short- 
horn breed, taking as a base the period 
in Shorthorn history just before Fa- 
vourite was calved in 1793, as he is 
considered to have been one of the 
main progenitors of the breed. Using 
Wright’s formula? to measure the in- 
breeding they report a rise from zero 
in 1790 to 17 per cent inbreeding in 
1810. By 1825 the inbreeding had 
risen to 20 per cent. From that time 
until 1920 the inbreeding coefficient 
had changed very little, then being 26 
per cent. The sharp increase im in- 
breeding reached in the period 1810- 


1825 was no doubt due to the Colling 


Brothers’ famous herds. This inbreed- 


ing coefficient of 26 per cent for the 
breed as a whole in 1920 means that 
the breed is 26 per cent more homo- 


zygous than the original stock, due 
to inbreeding alone. Selection may 
also have increased the homozygosity. 
Wright* made an analysis of the 
Duchess Shorthorns bred by Mr. Bates. 
Their coefficient of inbreeding was 
about 40 per cent. 

Smith’, using Wright's coefficient, 
found that the coefficient of inbreeding 
of the Clydesdale breed of horses rose 
from zero in 1865 to only 7 per cent 
in 1925. He states that selection and 
line breeding have played a very im- 
portant part in the fixation of typical 
Clydesdale characters which are trans- 
mitted without much variation. 

A previous study made by the junior 
author, a comparison of the inbreed- 
ing of twenty leading Hereford sires 
of the previous five years as judged 
by the show winnings of their progeny 
with twenty random picked Hereford 
sires, shows these leading sires to have 
an average coefficient of inbreeding of 
3.07% whereas random picked sires had 
an average coefficient of 2.45%. These 
coefficients were derived five 
generation pedigrees. A summary of 
these results is shown in Table I. Very 
little more inbreeding was resorted to 
to produce the leading sires. Selection 
must have been the bigger factor. 
Opportunity very likely was another 
factor, but opportunity is very difficult 
to measure. The presence of show 
winners in the pedigree is much higher 
for the leading sires, as shown by the 
same ‘Table. 


Material, Methods, and Data 


A study involving an analysis of 
pedigrees where inbreeding, outcrossing 


* Published as Paper No. 954, Minnesota Journal Series, with the approval of the Dean 
and Director of the Minnesota Experiment Station. 
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and phenotypic selection is to be con- 
sidered must of necessity include some 
method of measuring inbreeding. A 
number of methods have been put for- 
ward, but that advanced by Wright* 
has been used, as it satisfies most com- 
pletely the requirements of a coefficient 
of inbreeding which Wright states are 
as follows: “An inbreeding coefficient 
to be of most value should measure 
as directly as possible the effects to be 
expected on the average from the sys- 
tem of mating in a given pedigree. .. . 
For a natural coefficient of inbreeding 
we want a scale which runs from Oto 1 
while the precentage homozygosis is 
running from 50 to 100 per cent.” 

A list of first and second prize 
winners from the International Live 
Stock [Exposition for the years 1900 
to 1928 was compiled. Using the Inter- 
national Live Stock Exposition as a 
criterion of the highest perfection at- 
tained by the Shorthorn breed in the 
United States, one hundred animals 
were selected from the above list to 
be known as the Present Day Show 
Winners. This list includes the first 
and second prize winners in the breed- 
ing classes beginning with the 1928 
Show and going back to part of the 
1924 winners. It was necessary to 
reject a few animals which were re- 
corded in the Canadian herd book as 
their pedigrees could not be traced con- 
veniently. 

A second list of one hundred ani- 
mals, known as the Random Selected 
Individuals, was chosen at random from 
the volumes of the herd book in which 
the Present Day Show Winners are 
recorded. Males and females were 
chosen alternately and Polled Short- 
horns were rejected. 

The pedigrees of these two hundred 
animals were tabulated to the sixth 
generation in order to make as com- 
plete a study of the breeding of these 
individuals as seemed necessary. 

Using Wright’s coefficient, a com- 
parison of the inbreeding of the two 
groups was made. The average coeff- 
cient of inbreeding for the Present 
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Day Show Winners is 2.064%, while 
that of the Random Selected Indi- 
viduals is 1.028%, or slightly less than 
one-half as much. McPhee and Wright! 
show that the coefficient of inbreeding 
for twenty leading sires, as_ brought 
forward by Malin, differed very slightly 
in inbreeding from the average of the 
breed. McPhee and Wright also show 
that the inbreeding for the breed as a 
whole for the period 1790 to 1920 was 
26% and that most of this inbreeding 
occurred during the formative period, 
1800 to 1820. Since 1900 there has 
been a very slight rise in inbreeding. 
The results of this study show a simi- 
lar slight rise in inbreeding since 1920. 
It would seem, then, that the systems 
of mating practiced by the Shorthorn 
breeders in the production of the Pres- 
ent Day Show Winners has not led to 
inbreeding to any appreciable extent, 
with its accompanying homozygosity. 


Table I gives a summary of a study 
made by Winters of Hereford sires. 
While the results are not directly com- 
parable to those in this study, in the 
main the results are of the same gen- 
eral trend. The percentage of inbreed- 
ing is 3.07 for the leading sires and 
2.45 for the random _ picked sires, 
which is higher in both cases than was 
found in this Shorthorn study. It 
can also be said that, according to this 
study, inbreeding was not a big factor 
in the production of recent leading 
Hereford sires. 


It must be remembered that the Pre- 
sent Day Show Winners may be and 
likely are more homozygous for desir- 
able characters, due to another factor, 
namely, selection. It is rather difficult 
to measure accurately the effects of 
selection upon homozygosity, but an 
indication of its influence may be had 
from the answer to the question—Do 
show winners produce show winners? 


To answer this question the ances- 
try of the Present Day Show Winners 
and the Random Selected Individuals 
for six generations was checked for the 
presence of animals that won first or 
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SHOW-WINNERS PRODUCE SHOW-WINNERS 
ilt Figure 7 
of Graph showing the perecentage of prominent prize winners in the ancestry of present 
an day show winners and in the ancestry of individuals selected at random from the herd book. 
ad | This graph indicates that breeders of shorthorn show winners are depending on phenotypic 
ie selection rather than on inbreeding. 


Ss? . second at the International Live Stock Show Winners have 14 per cent more | 

Exposition during 1900-1928. show winners in the first generation | 
TS Table II gives a summary of these than have the Random Selected In- | 
als results, generation by generation, dividuals, and slightly more than 10 
he which is illustrated in Figure 7. A per cent in the second generation. 
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margin, which in the sixth generation 
amounts to only 1.37 per cent. The 
presence of more show winners in the 
pedigrees of the Present Day Show 
Winners than in the Random Selected 
Individuals would lead to the conclu- 
sion that phenotypic selection has defi- 
nitely been a factor in the production 
of show winners, that the best pheno- 
typically have been mated to the best 
and that breeders have been placing 
more reliance on this system of breed- 
ing than on the practice of inbreeding, 
with its doubtful immediate  conse- 
quences. This would also indicate that 
the Present Day Show Winners are 
more homozygous than the Random 
Selected Individuals and since the in- 
breeding differed little, selection must 
have been a factor in increasing homo- 
zygosity. 

In the use of the term “selection” 
it is recognized that the more con- 
structive breeders practice selection in 
its broadest sense, 1.e., they take into 
account breeding performance and pedi- 
eree as well as phenotype. In a study 
of this kind it is impossible to mea- 
sure the influence breeding perform- 
ance and pedigree have had on selec- 
tion, hence this study has been confined 
to phenotype, on which one can use 
an arbitrary measure. 

The above results agree in the main 
with the findings of Winters, given in 
Table I, where the percentage of show 
winners in the first generation of the 
twenty leading Hereford sires was 95, 
while there were no show winners in 
the first generation in the random 
sires. In the second generation there 
were 75 per cent more winners and in 
the fifth generation 19 per cent more 
show winners in the leading sire pedi- 
erees than in the random sire pedi- 
grees. In all cases the number of show 
winners is higher than was found in 
the present study. This is probably 
due to the fact that the leading sires 
were picked because they were the best 
sires. 

As already stated, genetic studies in- 
dicate that we have a right to expect 
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great sires and great dams by the 
practice of inbreeding and that out- 
crossing should give us the best show 
animals. The inbreeding of the in- 
dividual show winners has been com- 
pared with the average inbreeding of 
the sire and dam of the individual. 
Out of one hundred individuals, in 
eighteen cases the inbreeding is equal, 
in thirty-six cases the individual show 
winner has more inbreeding than the 
average of the sire and dam, and in 
forty-six cases the average inbreeding 
of the sires and dams is higher than 
that of the individual show’ winner. 
The difference in inbreeding in all 
cases is rather small. Arising from 
this it can be stated that Shorthorn 
breeders have not been making out- 


crosses for the production of show 
winners. 


The most important point in Table 
III is the fact that the Present Day 
Show Winners have a higher coefficient 
of inbreeding than the average of their 
sires and dams. The amount of in- 
breeding is small but, as has already 
been stated, it does demonstrate that 
outcrossing has not been responsible 
for the production of the show winners 
in this study. Another point is_ that 
the additional coefficient of inbreeding 
due to the sixth generation is very 
small, being .001276. This would in- 
dicate that five generation pedigrees 
would, in this study, have given prac- 
tically the same coefficient of inbreed- 
ing as did the six generation pedigrees. 
This Table also shows that the average 
inbreeding of the sires of the Present 
Day Show Winners and of the dams 
of the Present Day Show Winners 
have approximately an equal amount of 
inbreeding, which is small. 


Summary 


Inbreeding has not been a factor in 
the production of show winning Short- 


horns at the International Livestock 
Exposition 


1928. 


Shorthorn breeders have not prac- 


192-4- 


during the period 


ike 


» 
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ticed outcrossing in the production of 
show winners. 

Show winners do tend to produce 
show winners. This is evident that 
Shorthorn breeders have been making 
assortive matings. 

From the small amount of inbreeding 
practiced in the production of show 
winners and from the fact that show 
winners produce show winners it would 
appear that Shorthorn breeders have 
been producing show winners by selec- 
tion in the broad sense of the term, 
considering individuality, breeding per- 
formance and pedigree. 

This does not prove, however, that 
inbreeding could not be used effec- 
tively for the production of breeding 
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animals and outcrossing for the pro- 
duction of show animals. 

This study indicates that the per- 
centage of inbreeding for the breed 
as a whole is increasing gradually. 
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TABLE I. Summary of Inbreeding and Show Winners on Five Generation Pedigrees of 20 Leading 
Hereford Sires and 20 Random Sires 


SHOW WINNERS IN PEDIGREES 


Leading Sires 


Total Possible 


Random Sires 


Generation Actual No. Percentage Actual No. Percentage No. Percentage 
1 19 95 0) 0 20 100 
2 38 95 8 20) 40 100 
3 67 84 31 39 80 100 
4 136 85 9] 57 160 100 
5 273 85 211 66 320 100 
Inbreeding coefficient, per cent. 3.07 2.45 


TABLE II. The Number and Percentage of First and Second Prize Winners in the Ancestry of the 
Present Day Show Winners and the Random Selected Individuals 


Present Day 
Show Winners 


Random Selected 
Individuals 


Total Possible _ 


_ Generation Actual No. Percentage Actual No. Percentage No. Percentage 
1 29 14.5 1 a 200 100 
2 54 13.5 13 3.25 400 100 
3 62 7.75 32 4.0 800 100 
4 129 8.06 74 4.62 1600 100 
5 203 6.34 142 4.43 3200 100 
6 248 3.87 160 2.50 6400 100 


TABLE Ill. A Summary of the Average Inbreeding of 100 Present Day Show Winners for Five and 
Six Generations and the Average Inbreeding of their Sires and Dams for Five Generations 


Present Day Show Winners Sire 
6 Gen. 5 Gen. 5 Gen. 
020636 01936 00957 


Sire and Dam Dam 


Average 5 Gen. 
008779 008013 
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Photograph by the Author 
TWO TYPES OF REDUCED ENDOSPERM 
Figure 8 Figure 9 
An ear segregating an Fez progeny of normal and An ear segregating an F:2 
reduced endosperm: kernels. Note that most of the progeny of normal and re- 
reduced endosperm: kernels produced viviparous sporo- duced endosperm: kernels. 
phytes because of the close linkage between these char- Note that practically all of 
acters. The genes for both these reduced endosperm the kernels with , reduced 
I endosperm viviparous 
characters are located in the same chromosome, but embryos due to the very 
that for rez is closer to the vfz gene than is rei. close linkage between rez vp:. 


NORMAL AND REDUCED ENDOSPERM, 
Figure 10 


A, a kernel with normal endosperm and dormant embryo; B, distal end of kernel having 
normal endosperm; C, a kernel with normal endosperm and viviparous embryo; 


HERITABLE CHARACTERS MAIZE 


XLII—Reduced Endosperm* 


WILLIAM H. EystTEerR 


KERNELS 


D, a kernel 


with reduced endosperm and dormant embryo; E£, distal end of kernel with reduced endos- 


perm; /*, a kernel with reduced endosperm and viviparous embryo. 


Groner. 


LARGE number of endosperm 


deficiencies have been described 
in the literature under the gen- 
eral title of ‘Defective Endosperm.” 
The kinds of variations that have 
been included under this general title 
are so large in number and so differ- 
ent in fundamental nature that the 
writer is using the name Reduced 
Endosperm for a genetic variation in 
kernels of maize which might be in- 
cluded under defective endosperm. 
Kernels with reduced endosperm and, 
therefore, of correspondingly smaller 
size have occurred in many of my 
pedigrees and are produced, apparently, 
by a large number of genes. In the 
present paper descriptions and_ illus- 
trations will be given of kernels with 
reduced endosperm which are the ex- 
pressions of genes having their loci 
in choromosome VIII. 


Reduced Endosperm, 


Reduced endosperm, kernels are very 


Drawings by Miriam 


much smaller than the normal kernels 
of the same ears so that they can be 
distinguished easily. The general size 
of these kernels may be seen from the 
illustration in Figure 8. Usually they 
are shorter than normal kernels, and 
are much flattened as shown by the 
drawings in Figure 10. In extreme 
cases the endosperm may be almost 
completely absent, though ordinarily the 
kernels with reduced endosperm, vary 
from one-fourth to one-half the size 
of their normal sibs. 

Reduced endosperm, is inherited as 
a simple Mendelian recessive character. 
A summary of nine F»2 progenies is 
given in Table I. 

This shows a deviation of 30+16.4 
from the expected frequencies. 

The gene for reduced endosperm), 
Re, has its locus in chromosome VIII 
at a distance of approximately 15.5 
crossover units from the gene lp» 
which inhibits dormancy of the embryo 
in the seed stage of its development. 


*Contributions from the Botanical Laboratory of Bucknell University. 
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This linkage relationship is shown by 
the summary data in Table II. 

The gene V po has been shown by 
the writer (Eyster, in press) to be 
linked with Pr with approximately 
30 per cent crossing over. 

Reduced Endosperims. Reduced en- 
dosperms is not very different in its 
phenotypic expression from that of re- 
duced endosperm;. The general nature 
of reduced endospermg may be seen 
from the illustration in Figure 9. Ker- 
nels showing reduced endosperms are, 
on the average, smaller than reduced 
endosperm, and usually less flattened 
as 1s shown by the drawing in Figure 
11. It would be quite impossible, how- 
ever, to separate reduced endosperm, 
and reduced endospermy, when produced 
in the same progeny. 

Reduced endospermsg is inherited as 
a single Mendelian recessive. An F» 
progeny including a total of 333 kernels 
consisted of 261 normal and 72 reduced 
endosperm, kernels. This is a devia- 
tion of 1l- from the expected fre- 
quencies. 
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arous embryo. 


ths 


VIVIPAROUS EMBRYOS 
Figure 11 


A, a kernel with normal endosperm and 
dormant embryo; B, distal end of a kernel 
with normal endosperm; C, a kernel with 
reduced endosperm: and viviparous embryo; 
D, distal end of reduced kernel with vivip- 
Drawings by Miriam Groner. 


The gene for reduced endospermg, 
Ree, is in chromosome VIII very near 
to that of Vp2 as may be seen from 
the comparison in Table ITI. 


Re, re; 
TABLE I.—F. progenies from the cross x 
Re, re; 
Reduced 
Normal Endosperma 
Re; Vpe2 re; Vpo 
TABLE II.—F. progenies from the cross x 
Re, Vpo re; VPo 
Re: Vp2 Rez re. Vp2 ret vpz 
Observed Frequencies .........0.....200.ce0ccceeeeceeeeeeeeeeee 2058 252 190 620 
Expected Frequencies on the basis of linkage 
with 15.46 per cent crossing over................ 2117 223 223 557 
—59 +29 —33 +63 
Re. Ups 
TABLE III.—F. progenies from the cross x 
Reo Vpo res UPo 
Ree Vpe Rez vp2 ree Vpe re? vp2 
Observed Frequencies 257 0) 72 
Expected Frequencies on the basis cf linkage 
with 1.21 per cent crossing over................ 248 2 2 81 
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HE success of numerous work- 
ers in using short-wave radiations 
in the production of mutations 
and chromosome rearrangements in va- 
rious species points to the universal ap- 
plication of the technique to all living 
organisms. It is desirable that data be 
collected as rapidly as possible concern- 
ing the possibilities of using this meth- 
od in the improvement of various plants 
and animals which are of economic im- 
portance. 

With this in mind, we have begun a 
study of the effects of X-rays on cot- 
ton, the major farm crop of the south- 
ern states. We are at present confining 
our studies to Gossypium hirsutum, 
American upland cotton. 

This paper is a report on the develop- 
ment of the cotton plants grown from 
X-ravedt dry seed. 

In accordance with the experience of 
Goodspeed! and of Stadler,” we found 
that the dry cotton seed can withstand 
very heavy doses of X-rays. A dose 
of 100 K. V., 5 ma., 17 cm. target dis- 
tance, for 60 minutes does not lower 
the germination percentage of good cot- 
ton seed appreciably. In one _ line, 
Startex 7000, the seeds which we rayed 
were two vears old. These seeds were 
eiven the same X-ray treatment as 
were the seeds of other lines from 
which we secured normal stands. From 
the non-rayed seeds of this line of 
Startex we secured a normal stand, but 
from 500 raved seeds we obtained only 


RADIATION-INDUCED VARIATION 
COTTON 


Somatic Changes Induced in Gossypium hirsutum by X-raying Seeds* 
W. R. Horvacwer and D. T. 


24 plants, the germination percentage 
of this seed having been lowered very 
markedly. Figure 13 shows the poor 
stand secured from the X-rayed seed 
compared with the normal stand se- 
cured from the non-rayed seed from 
this line. We are conducting further 
tests to determine the relation of the 
age of the seed to its susceptibility to 
X-ray treatment. 

One of the very quickly noticeable 
effects of the X-ray treatment is the 
production of numerous dwarf plants. 
When the seedlings are a few days old 
they can be readily divided into three 
classes with regard to height: normal, 
intermediate, and dwarf. Figure 12 
shows seedlings of these three types. 
Many of the dwarfs are peculiar in 
their mode of inflorescence in that 
each plant has one terminal flower. The 
normal cotton plant has no terminal 


flower, but has numerous flowers on 
the branches. 


Branched and Fused Cotyledons 


Cotton is a_ dicotyledonous _ plant. 
Among the several hundred seedlings 


which we grew from X-rayed 
seeds we observed one seedling 


which produced three cotyledon leaves, 
and two seedlings, each of which had 
only one cotyledon leaf. The seedling 
which had three cotyledons, Figure 14D 
had one cotyledon of normal size and 
development and two which were small- 
er in size and each of which had fewer 


*Contribution from the Texas Agricultural Experiment Station, paper No. 142, Techni- 


cal Series. 


+Professor of Genetics, A. and M. College of Texas, and Agronomist in charge of Cot- 
ton Breeding, Texas Agricultural Experiment Station, respectively. 


tThe authors wish to express their appreciation to Dr. J. E. Marsh, college physician, 
for his kindness in permitting them to use the X-ray machine belonging to the college hos- 
pital, for X-rayirg the cottcn seeds used in this study. 
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DWARF COTTON PLANTS PRODUCED BY X-RAYING E 
Figure 12 


Cotton seedlings grown in the greenhouse from X-rayed dry seed at a dosage of 100 | 
K. V., 5 ma., 17 cm. target distance for 60 minutes. From 50 seeds treated thus, 36 ger- . 
minated producing 12 normal seedings (left) and 24 dwarf seedlings of the two types, extra 
dwarf (right) and intermediate dwarf (center). 


; 
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EFFECT OF X-RAYS ON TWO0O-YEAR-OLD COTTON SEED 
Figure 13 


General view of field, Startex cotton, line 7000, two-year-old seed. 


Control plants on 


left showing normal stand. X-rayed plants on right showing very poor stand. X-rays did 
not have a very marked effect on the germination of fresh seed. Its effect on older seed 1s 


being studied further. 


than the normal number of veins. Ap- 
parently, one cotyledon was split into 
two parts, while the other developed 
normally, thus bringing about the pro- 
duction of three cotyledons on this 
seedling. The cotyledons on the seed- 
lings which developed only one cotyle- 
don each, Figure 14B and C were large 
and each had a large number of veins. A 
line of fusion can be seen near the mid- 
dle of each of the leaves pictured. The 
complete fusion of the two petioles on 
one of these seedlings is shown in Fig- 
ure 144. This is the same seedling as 
the one pictured in Figure 145. It 
is evident from these photographs 
that the production of only one coty- 
ledon on each of these two seedlings 
was due to the fusion of the two coty- 
ledons. seedling with either 
one or three cotyledons was observed 
in the controls. The junior author has 
been making careful observations on 
cotton seedlings for a number of vears 


and he never had observed previously 
a cotton seedling that did not have two 
cotyledons. 

Crumpled leaves appeared occasion- 
ally on the plants grown from the X- 
rayed seed. One of these leaves is 
shown in Figure 17. This leaf was one 
of the first adult leaves produced on 
the plant. The shape of this leaf in- 
dicates that different parts of it have 
developed at different rates. 


Two Types of Variegation 


Another very common effect pro- 
duced by the X-rays is the production 
of numerous variegations in the colors 
of the leaves. The strain in which 
this was very noticeable is a virescent 
yellow strain. This leaf color, as has 
been shown by Killough,? is a simple 
Mendelian recessive to green. The first 
few adult leaves on the young plants 
from X-rayed seeds of this strain show 
variegation in a very large percentage 
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of the cases. Each plant grown from 
fifty seeds which were subjected to a 
dose of 100 K. V., 5 ma. for 60 min- 
utes at a target distance of 17 cm. 
showed variegation in some of its 
leaves. Some of the plants grown from 
seeds subjected to lighter doses also 
had variegated leaves. Roughly, the 
amount of variegation in the leaves was 
proportional to the dosage. 

The variegated leaves produced in 
the virescent yellow strain were of 
two types, splotched and angular. The 
splotched type, shown on the left in 
Figure 15 nearly always has three colors 
in the leaves. These are green, virescent 
yellow and white. This condition may 
be the result of cytoplasmic disturbances 
or of abnormal chromosome behavior 
induced by the X-rays. Very prob- 
ably both factors are operating in these 
cases. 

Some examples of the angular varie- 
gation, or sectorial chimeras, produced 
are shown on the right in Figure 15 and 
in Figure 16. These are of particular 
interest as being strongly indicative of 
nuclear changes. An unequal nuclear 
division early in development will cause 
different sections of the leaf to develop 
into different types whenever different 
genes are disturbed to the two areas. The 
colorless sections can be accounted for by 
assuming that the genes for color have 
become lost from that area. If the 
radiation should cause a mutation of 
one gene to albinism and then  non- 
disjunction should occur so that the 
chromosome bearing the normal allel- 
omorph were lost from the cell, the 
production of these albino sections of 
the leaves would be brought about. 
These albino sections are particularly 
interesting because albinism has never 
been reported in cotton. 


The green sections of the leaves in 
the virescent yellow strain are of un- 
usual interest. As stated above, vires- 
cent yellow is a simple Mendelian re- 
cessive to green. These sections are 
produced by some disturbance early in 
the development of the leaf which 
brings about the development of green 
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color. The logical inference is that 
there has been a mutation in one mem- 
ber of the allelomorphic pair from 
virescent yellow to green in the cell 
which has developed into this section 
of the leaf. This is a dominant muta- 
tion. It has been pointed out elsewhere 
by Horlacher,* that chromosomal re- 
arrangements probably do not bring 
about the production of dominant areas 
in recessive tissue. Unfortunately, it 
is impossible to apply the breeding test 
to the green areas in these leaf chimeras 
because thus far no one has succeeded 
in growing leaf cuttings of cotton. 


One plant from X-rayed seed of the 
virescent yellow line grown to maturity 
in the field produced only green leaves. 
This plant was a very poorly developed 
specimen growing prone on the ground 
instead of erect as cotton normally grows. 
Apparently all the growing points were 
killed by the radiation except one lat- 
eral bud which grew into this scraggly 
plant and in which there was produced 
a mutation from virescent yellow to 
ereen. In other plants from the vires- 
cent yellow line some branches have 
ereen leaves while others have virescent 
vellow leaves. 


Progressive Changes 


One of the important questions con- 
fronting radiation genetics 1s the ques- 
tion of whether or not radiations pro- 
duce any changes of a progressive na- 
ture. The argument has been advanced 
that all of the induced changes are 
destructive, that no variation is pro- 
duced by radiations that is of any 
value to the organism or to man. 
Evidence has been collected by Pat- 
terson and Muller* and by Timofeeff- 
Ressovsky® that mutations of a 
progressive nature can be induced in 
Drosophila. The variation from vires- 
cent yellow to green in cotton is a 
progressive change, the green plant 
having a greater concentration of 
chlorophyll than the virescent vellow. 
The change from forked leaf shape 
to normal leaf shape reported below 
might also be considered as a pro- 
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FUSED AND EXTRA PETIOLES 
Figure 14 


Plants from X-ray treated seed frequently show fusions or splitting of the cotyledons. 


A, a plant in which the cotyledons and their petioles have completely fused. Another view 


of this plant is shown at _B, and a -view of another plant with fused cotyledons is shown at 
C. Cotton is normally a dicotyledonous plant, but the plant shown at D, from X-rayed seed, 
has three cotyledons instead of two. No seedlings with either one or three cotyledons were 
observed in the controls, nor in other stands of seedling cotton examined. 
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SPLOTCHED AND ANGULAR VARIEGATIONS IN ADULT COTTON LEAVES 
Figure 15 


The first few adult leaves produced by young cotton plants grown from X-rayed seed 
show variegations in color. Many of them are of the splotched type shown at the left. 
These leaves are from a strain of virescent yellow cotton. Three color types are shown, the 
dark areas being green, the lighter areas virescent yellow and the white areas albino. At 
the right are shown sectorial or angular variegations of cotton leaves produced by X-rays. 
(See also Figure 16). 
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BILATERAL CHIMERA 
Figure 16 


This is one of the first adult leaves from a cotton plant grown from an X-rayed seed 


of virescent yellow cotton. 


The left half of the leaf is green, the right half virescent 


vellow. The green half of this leaf must be due to a dominant mutation from virescent 
vellow to green, green being a simple Mendelian dominant to virescent yellow. 


gressive change for certain  condi- 


tions. 

Some of the green areas in the 
variegated leaves of this virescent 
vellow cotton may be due to chromo- 
somal variations of such a nature that 
the cells in this area are trisomic or 
tetrasomic for the chromosome set 
carrying genes for virescent vellow. 
The neighboring white or light yellow 
areas then would be produced by 
being monosomic for this chromo- 
some set, or, conceivably, the chromo- 


some bearing this gene might be 
missing entirely from the cells in this 
area. Should a green area be pro- 
duced due to this trisomic or tetra- 
somic condition, it would be accom- 
panied by a neighboring area of light 
yellow or white which is monosomic, 
or which has no chromosome of this 
set. Likewise, a green area due to 
the condition outlined above in which 
a mutation from color to albinism 
accompanied by non-disjunction was 
assumed, would be accompanied by 
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a neighboring area of white. The 
green areas in the leaves with varie- 
gation of the splotched type and in 
some of those with angular variega- 
tion are accompanied by such light 
colored areas. But some of the leaves 
with angular variegation, such as the 
leaf at the right center in Figure 15 and 
the leaf in Figure 16, have green sec- 
tions on leaves which are all virescent 
yellow outside of these sections. In 
these cases the green area must be 
due to a gene mutation from vires- 
cent yellow to green. The green plant 
produced from the virescent yellow 
strain by radiation illustrates the same 
change affecting the entire plant. 
While the evidence presented here 
for “progressive” mutations is based 
entirely on changes in the somatic 
tissue, when it is supported by such 
evidence as that obtained by Patter- 


CRUMPLED LEAF 
RESULTING FROM 
X-RAY TREATMENT 


Figure 17 


The crumpled condition is 
an abnormality which is char- 
acteristic of some leaves pro- 
duced on cotton plants grown 
from X-rayed seed. Irregular- 
ity in growth is one of the 
common effects produced in 


cotton by radiations. 


son and Muller and by Timofeeff- 
Ressovsky, it can leave little doubt 
but that favorable mutations can be 
induced in cotton. Thus’ there is 
evidence that radiations can cause 
“progressvie” mutations in plants as 
well as in animals. The fact that this 
type of mutations can be induced 
offers the possibility of a much deeper 
insight into the mechanism of organic 
evolution. It also offers to the breeder 
a technique for producing variations 
of a desirable nature which he may 
incorporate into the strains he is 
seeking to improve. 

The normal cotton plant has a 
central stem and numerous branches. 
Several of the plants from X-rayed 
seed had no central stem’ the plant 
developing from one or more of the 
branches. Evidently in these plants 
the terminal buds were killed by the 
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CHANGE IN LEAF SHAPE INDUCED BY X-RAYS 
Figure 18 


Above, homozygous forked leaf on left. 


Intermediate leaf shape produced on a 


plant grown from an X-rayed seed of homozygous forked leaf strain in the center. 
Homozygous normal leaf shown on right for comparison. The intermediate leaf shape 
is typical of the F, generation from a cross of homozygous forked leaf and homozygous 


normal leaf cotton. 


Below, a homozygous forked leaf plant from the control is shown on the left. 
The plant on the right which has leaves intermediate in shape was grown from an 
X-rayed seed of this same homozygous forked leaf line. 


radiations. One or more lateral buds 
then developed into the principal por- 
tion of the plant. 


Leaf-Shape Mutations 


A character in cotton of which the 
inheritance is well known and which 
Is very easily recognized is leaf shape. 


The two general types are normal 
leaf shape and forked leaf shape 
(often called okra leaf). In the 
normal leaf the lobes are broad and 
the indentations between the lobes 
are not very deep. The lobes of the 
forked leaf are very narrow, almost 
pencil-like, and the indentations are 
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very deep. Genetic studies made by 
several different workers have shown 
that a single pair of genes accounts 
for this difference in leaf shape. The 
leaf of the heterozygous plant is 
intermediate in shape between the 
shapes of the two homozygous types. 

We X-rayed five hundred seeds of 
a line of forked leaf cotton to deter- 
mine whether or not this gene can be 
changed. Six plants grown from 
these seeds produced leaves which are 
intermediate in shape, the leaf shape 
of the heterozygous plant. Figure 18 
shows three cotton leaves, the leaf 
on the left being from a true breed- 
ing forked leaf line, the leaf on the 
right from a true breeding normal 
leaf line, and the leaf in the middle, 
which is intermediate in shape, was 
taken from one of the six plants 
mentioned above. Figure 18 shows also 
two cotton plants, the one on _ the 
left having forked leaves and the one 
on the right having leaves which are 
intermediate in shape. This plant was 
grown from an X-rayed seed of the 
forked leaf line. Several other plants 
from this rayed forked leaf line have 
forked leaves on some branches and 
leaves of intermediate shape on others. 

These changes from forked leaf to 
intermediate leaf shape furnish good 
evidence that gene mutations have 
been produced in the somatic tissues 
of the plants in which the changes 
occurred. As soon as it is possible 
to grow another generation, we will 
grow the seeds from these plants. 
We will then be able to determine 
definitely whether or not gene muta- 
tions have been produced. If they 
have, the progeny from self fertilizing 
these plants will segregate into a 
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ratio of 1 normal leaf: 2 intermediate 
leaf: 1 forked leaf, just as would the 
progeny resulting from the self fer- 
tilization of an Fy, plant which was 
produced by crossing a normal leaf 
plant with a forked leaf plant. 


Five hundred seeds of red leaf 
cotton were X-rayed, also. No so- 
matic changes were observed in the 
plants grown from the X-rayed seeds. 

In connection with this work we 
have X-rayed cotton pollen and used 
this in pollination. This work has 
just been initiated, no plants having 


as yet been grown from the resulting 
seeds. 
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First Plant Patent Issued 


HE first patent to be granted to 
the inventor of a new variety of 
plant, under the revised patent law, was 
issued on August 18 to Henry Bosen- 
berg for an everblooming variation of 


the Van Fleet climbing rose. Some 
interesting questions are raised by this 
first patent which will be discussed in 
an early number of the JOURNAL. 
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